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(54) SLURRY FOR LITHIUM ION SECONDARY BATTERY ELECTRODE AND 
ITS UTILIZATION 

{57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium ion secondary battery having 
high capacity and a reduced charging time. 

SOLUTION: This slurry for a lithium ion secondary battery electrode contains a 
celiulose ether compound, rut^Br particles, water and an active materlaL The 
electrode is obtained by using the slurry for the lithium ion secondary battery 
electrode characterized in that the average polymerization degree of the 
cellulose ether compound is 150 to 300 and the active material is a 
carbonaceous material having a graphitizatlon degree of 0.80 or more, and the 
lithium ion secondary battery Is manufactured by using it. 
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CLAIMS 



|C!a!m(s)] 

[Claim 1] The slurry for rechargeable lithium-ion battery electrodes characterized 
by being a slurry for rechargeable lithium-ton battery electrodes containing a 
ceilulose ether compound, a rubber particle, water, and an active material, and 
for the average degree of polymerization of the celluiose ether compound 
concerned being less than [ 150 or more J 300, and active materials being 0.8 or 
more carbonaceous ingredients whenever [ graph itization ]. 
[Claim 2] The negative electrode for rechargeable lithium-ion batteries 
manufactured using the slurry according to claim 1 
[Claim 3] The rechargeable lithium-ion battery equipped with the negative 
electrode according to claim 2. 



DETAILED DESCRIPHON 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This Invention relates to the slurry for rechargeable 



!ithium-ion battery efectrodes, and its use. St is related with the slurry for 
rechargeable lithium-ion battery electrodes containing a ceJlufose ether 
compound, a rubber particle, water, and an active materia!, and its use in more 
detail. 
[00021 

[Description of the Prior Art] In recent years, the spread of personal digital 
assistants, such as a notebook sized personal computer, a cellular phone, and 
PDA, is remar!<ab!e. The rechargeable lithium-ion battery (it may only be 
hereafter called a "ceil") is used abundantly at the rechargeable battery used for 
the power source of these personal digital assistants. The personal digital 
assistant searched for more comfortable portability, and miniaturization, 
thin-shape-izing, iightweight-lzing, and high perfomiance-ization progressed 
quickly. Consequently, a personal digital assistant is used at various places. 
Miniaturization, thin-shape-izing, lightweight-izing, and high performance-izatlon 
has been required the same with receiving a personal digital assistant also to a 
ceil with increase of the use range. 
[0003] For the improvement in the engine perfomnance of such a cell, 
amelioration of an electrode, the electrolytic solution, and other cell members is 
considered. About the electrode, the examination about the binder for holding an 
active material, and an active material besides examination of the charge 



coHector itseff to a charge coHector is also made. Usually, the binder which 
consists of a polymer of arbitration holds an active material to a charge collector, 
and forms the electrode. Such an electrode mixes a binder and a liquefied 
medium, adds the additive of arbitration to this if needed, obtains a binder 
constituent, adds an active materiaf to this, and the slurry for electrodes, nothing, 
and this are applied to a charge collector, it dries, and it Is manufactured. As a 
binder, use of fluorine system polymers, such as poly vinyildene fluoride (PVDF), 
and non-fluorine system polymers, such as diene system rubber. Is proposed 
conventionally. Electrode manufacture Is presented with these polymers as a 
slurry which added the active material to the binder constituent which the organic 
solvent was made to distribute in the dissolution or water. 
[0004] Adding the carfooxymethyl cellulose of 0.5-1 average degree of 
polymerization 300-1,800 and whenever [ etherification ] to the binder 
constituent which consists of a giant-molecule latex is proposed by 
JP,11-67213,A. Although it is indicated that this binder constituent gives the 
electrode excellent in a discharge property, high-capacity-izing, a 
charge-and-discharge cycle property, and stability, it is not shown clearly which 
grade that cell capacity is. Recently, extension of the time of a personal digital 
assistant, compaction of the charging time, etc. are desired, and 
high-capacity-izing of a cell and compaction of a charge rate, i.e., the 



improvement in a rate property, serve as pressing need. However, even if it used 
the binder constituent known previously, it was difficult to reconcile 
htgh-capacity-izing of a cell, and improvement in a rate property, 
|0005j 

[Probfem{s) to be Solved by the Invention] In view of the present condition of the 
above techniques, the purpose of this invention has a high capacity, and it is to 
offer the slurry for eSectrodes which can give the rechargeable lithium-ion battery 
excellent in the rate property. 

(00061 

[Means for Solving the Problem] In the sluny for rechargeable lithium-ion battery 
electrodes containing a cellulose ether compound, a rubber particle, water, and 
an active material, when artificers combined and used the high carbonaceous 
ingredient of whenever [ graphitization ] as an active material, using a cellulose 
ether compound with low polymerization degree and the negative electrode was 
manufactured, they found out that high-capacity-izing of a rechargeable 
lithium-ion battery and improvement in a rate property could be reconciled also 
unexpectedly. 

|0007| in this way, according to this invention, the slurry for rechargeable 
lithium-ion battery electrodes charactenzed by being a slurry for rechargeable 
lithium-ion battery electrodes containing a celiulose ether compound, a rubber 



particle, water, and an active material as the first invention, and for the average 
degree of poJymerization of the oeltulose ether compound concerned being less 
than [ 150 or more | 300, and active materials being 0.8 or more cari3onaceous 
ingredients whenever [ graphitlzation ] is offered. 
[0008] Furthermore, the negative electrode for rechargeable lithium-ion batteries 
manufactured as the second invention using the slurry concerning the first 
invention Is offered, and the rechargeable iithium-ion battery equipped with the 
negative electrode concerning the second invention is further offered as the third 
invention. 
[0009] 

lEmbodiment of the Invention] 1 , The slurry for electrodes of siurry this invention 
for rechargeable lithium-Ion battery electrodes Is a slurry containing the high 
carbonaceous ingredient of a degree of graphltization as a cellulose ether 
compound, a rubber particle and water with iow poiymerizatlon degree, and an 
active material. The cellulose ether compound contained in a siurry is 
characterized by the average degree of polymerization because it Is [ or more 
150 ] iess than 300, The solubiflty to the water of a cellulose ether compound 
can be secured as the average degree of polymerization of a cellulose ether 
compound is this mnge, an electrode with a smooth front face can be obtained, 
and high-capacity-iztng of a cell and improvement in a rate property can be 



reconciled further. !f average degree of polymerization is too smaii, although a 
rate property becomes good, cell capacity will become low, and conversely, if 
polymerization degree exceeds the above-mentioned range, reservation of the 
high cell capacity in a high rate (they are many conditions about the amount of 
currents at the time of charge) will become difficult. About whenever [ cellulose 
ether compound's etherification j, although there is no limitation according to 
rank, the thing of 0.5-1.0 is usually used preferably. 
[0010] As an example of a cellulose ether compound, an alkali-metal salt and 
ammonium salt, such as a carboxymethyl cellulose, a carboxyethyi cellulose, 
hydroxyethyl cellulose and these lithium salt, sodium salt, and potassium salt, 
are mentioned. Also in these, the alkali-metal salt of a carboxymethyl cellulose is 
desirable. The content of the cellulose ether compound in the slun^ of this 
invention is usually 0.2 - 6 % of the weight preferably 0,1 to 10% of the weight 
based on slurry weight, and the content {solid content conversion) of rubber is 
usually 0.2 - 40 % of the weight preferably 0.1 to 60% of the weight. 
10011] What is necessary Is just to usually prepare the rubber particle and water 
in 3 slun7 in the state of the water dispersion of rubber. As a water dispersing 
element of such a rubber particle, for example Styrene and con|ugated diene 
copolymer (SB) rubber latexes, such as styrene butadiene copolymer rubber 
(SBR), Nitril and conjugated diene copolymer rubber latexes, such as nitril 



butadiene copolymer njbber (NBR), The polymerkation of silicone mbber 
latexes, such as poiyorganosiloxane, and acryHc-acid aikyl ester, Or fluorine 
rubber latexes, such as an acrySic rubber latex obtained by copolymertzatjon with 
acrylic-acid alky! ester, ethyienic unsaturated carboxyllc add, and/or other 
ethylenic unsaturated monomers and vinyiidene fluoride copolymer rubber, are 
mentioned. 

[0012j Although especially the manufacture approach of the water dispersion of 
rubber is not restricted, a predetermined monomer can be manufactured an 
emulsion polymerization or by can-ylng out a suspension polymerization 
according to a conventional method usually, respectively, for example, an 
"experimental science lecture" - the approach indicated by the 28th volume, and 
(the edited by Chemical Society of Japan and the Maruzen Co., Ltd. issue) -- To 
a well-closed container with an agitator and heating apparatus, namely, water, a 
dispersant and an emulsifier, The dispersion liquid which the rubber particle 
distributed in water can be obtained by the approach of making a polymerization 
starting by the approach of raising temperature, making water distributing or 
emulsifying a monomer etc. and stirring [ in addition, stir an additive, an initiator, 
and monomers, such as a cross linking agent, so that It may become a 
predetermined pmsentation, ] it etc, 

[0013] In the slurry for rechargeable lithium-ion battery electrodes of this 



invention, a 0.8 or more-degree of graphitization carbonaceous ingredient is 
used as an active material. As for a degree of graphitization, it is desirable that it 
is 0.85 or more. In addition, a degree of graphitization is measured from 
diffraction patterns of an X diffi-action. such as the 002nd page. The charge 
duration of a cell increases that a degree of graphitization is less than 0.8, and a 
rate property falls. The artificial graphite by which the degree of graphitization 
was calcinated above 2,000 degrees C as an example of 0.8 or more 
carbonaceous ingredients, graphite, a natural graphite, IVICMB, a pitch based 
carbon fiber, etc. are mentioned, and a natural graphite is desirable in these, 
[0014] Although especially the amount of the active material in the sluny for cell 
electrodes of this invention Is not restricted, they are usually 30 to 500 times 
preferably ten to 1,000 times on weight criteria to a rubber particle. If there are 
too few amounts of active materiais, an Inactive part wiil increase in the active 
matenai layer fomied in the charge collector, the function as an electrode will 
become inadequate, and improvement In the rate property of a cell will tend to 
become achievement difficulty. Moreover, if there are too many amounts of 
active materials, it will not be enough fixed to a charge collector, but an active 
matenai will dedrop come to be easy, in order to adjust the water in the slurry of 
this invention to the concentration which Is easy to apply to a charge collector - 
required - the amount - a total of 100 weight sections of a cellulose ether 



compound, a rubber particie, and an active material - receiving - the 20 - 1,000 
weight section - it is the 60 - 600 weight section preferably. 
|0015| To the slurry of this invention, additives which raise the coating nature, 
such as a viscosity controlling agent and a piasticizer, can be used together if 
needed. As the exan^ple, water-soluble polymers, such as the completeness of 
the copolymer of the copolymer of polyacrylate, such as sodium polyacrylate, 
polyvinyl alcohol, polyethylene oxide, a polyvinyl pyrrolldone, an acrylic acid or 
acrylate, and vinyl alcohol, a maleic anhydride, a maleic acid or a fumaric acid, 
and vinyl acetate or a partial saponification object, denaturation polyvinyl alcohol, 
denaturation polyacrylic acid, a polyethylene glycol, polycarboxylic acid, an 
ethylene-vinylalcohol copoiymer, and a vinyi acetate polymer, etc, are 
mentioned. The operating rate of these additives can be chosen freeiy if needed. 
Moreover, electric conduction material like carbon, such as activated carbon, or 
a metal powder etc. can be added in the range which does not check the 
purpose of this invention, 

10016] 2. The negative electrode for rechargeable lithium-ion batteries of 
negative-electrode this invention for rechargeable lithium-ion batteries is 
manufactured by applying the slurry of above-mentioned this invention to charge 
collectors, such as a metallic foil, drying and fixing an active material to a current 
collection body surface. Although a charge collector will not be restricted 



especiaHy if it consists of a conductive ingredient, meta! things, such as Iron, 
copper, aluminum, nickel, and stainless steei. am usually used for it. Although 
especially a configuration Is not restricted, either, the thing of the shape of a 
sheet with a thickness of about 0.001 -0.5mm is usually used. 
[0017] Especially the method of application to the charge collector of a slurry is 
not restricted, either. For example, it is applied by a doctor blade method, a dip 
method, the reverse roll method, the direct rolling method, the gravure method, 
the extrusion method, immersion, brush coating, etc. Although especially the 
amount to apply is not restricted, either, the thickness of the active material layer 
fomned after drying a slurry is the amount of extent usually preferably set to 
0.01 -2mm 0.005-6mm. Especially the desiccation approach is not restricted, 
either, for example, desiccation by the exposure of warm air, hot blast, the 
desiccation depended in the damp style, a vacuum drying, infrared radiation (**), 
an electron ray. etc, is mentioned. Stress concentration usually happens, and a 
crack goes into an active material layer, or in the speed range of extent where an 
active material layer does not exfoliate from a charge collector, desiccation 
conditions are adjusted so that It can dry as early as possible. Furthermore, an 
electrode may be stabilized by pressing the charge collector after desiccation. 
Approaches, such as the die press and a roll press, are mentioned as the press 
approach. 



[00181 3. The rechargeable iithium-ion batteries of rechargeabie {ithlum-ion 
battery this invention are the eiectrotytic solution, the above-mentioned negative 
electrode for rechangeable lithium-ion batteries, and a thing further 
manufactured according to a conventlonai method using components, such as a 
separator, if needed including a positive electrode. The manufacture approach of 
a rechargeable lithium-ion battery is good by the approach used regularly. For 
exampie, it breaks [ which rolls a positive electrode and a negative electrode 
according to superposition and a cell configuration through a separator ], puts 
into a cell container, and is manufactured by pouring in and obturating the 
electrolytic solution. The configurations of a cell may be any, such as a coin mold, 
a carbon button moid, a sheet mold, cylindrtcal, a square shape, and a flat mold. 
[0019] A positive electrode is manufactured using lithium content compound 
metaliic oxides, such as UCo02, LiNi02, LiMn02, and LiMn 204, etc. as an 
active materia!. As long as the electrolytic solution is used for rechargeable 
lithium-ion batteries, any are sufficient as it, and it should Just usually choose 
what demonstrates the function as a celi according to the class of a 
negative-electrode active material and positive active material. As an electrolyte, 
for example, each lithium salt better known than before can use it, and LiCI04, 
LiBF6, LiPF6, etc. are mentioned, 

[0020] AJthough it is not limited espedalfy if the solvent (efectrolytic-soiution 



solvent) in which these electrolytes are dissolved is usually used Propylene 
carbonate, ethylene carbonate, butylene carbonate, Lactone, such as 
carbonate;gamma-butyl factone, such as dimethyl carbonate and diethyl 
carbonate; Trimethoxy methane, 1, 2-dtmethoxyethane, diethylether, 2-ethoxy 
ethane, Sulfoxides [, such as ether; dimethyl sulfoxide, ], such as a 
tetrahydrofuran and 2-methyl tetrahydrofuran; 1, 3-dioxolane, 
Nitrogen-containing compounds, such as oxo-run; acelonilriles, such as the 
4-methyl -1 and 3-dloxolane, and nitromethane; Methyl fomiate, Oxazoltdinone [, 
such as organic-acid ester; jig lime; TORIGU lime; 
sulfolanes;3-methyl-2-oxaz;olidinone, ], such as methyl acetate, ethyl acetate, 
butyl acetate, methyl propionate, and ethyl propionate; 1, 3-propane sultone. 
Independent or two or more sorts of mixed solvents, such as sultones [. such as 
1 , 4-butan6 sultone and the North America Free Trade Agreement sultone |;, can 
be used- 
[00211 

lExample] Although an example is given to below and this Invention is concretely 
explained to it, this Invention Is not limited to this, in addition, especially the 
section and % In an example are weight criteria as long as there Is no notice. In 
the example and the example of a comparison, the cell property was measured 
by the following approaches. 



Discharge capacity: The discharge capacity (unit ^ mAh/g (per active material)) 
of 30 cycle eye was calculated with the galvanostatic process of 0.01 C from OV 
to 1,2V under 25-degree-C ambient atmosphere using the coin mold cell 
manufactured by the following approach, respectively. It Is a result with them, so 
that this value is large. [ there are few decreases of capacity and sufficient ] 
[0022] Charge-and-discharge rate property: TTie discharge capacity (unit mAh/g 
(per active material)) of 30 cycle eye [ In / a Measuring condition in test 
temperature of 40 degrees C. and / for the amount of constant current / each 
amount of constant current ] was measured by the same approach as 
measurement of the above-mentioned discharge capacity to 0.1 C. 0.5C, and 1C, 
respectively except modification ******> The rate of the discharge capacity (unit 
mAh/g (per active material)) of 30 cycle eye measured by each galvanostatic 
process (26 degrees C and 40 degrees C to the discharge capacity of 30 cycle 
eye measured by the galvanostatic process of 0.01 C) was computed by the 
percentage. It suggests that high-speed charge is so possible that this value is 
large. 

[0023] The slurry for rechargeable lithium-ion battery negative electrodes 
prepared in the manufacture examples 1 and 2 and the examples 1 and 2 of a 
comparison of a coin mold ceil was applied to homogeneity with the doctor blade 
method at copper foil (18 micrometers in thickness), for 120 degrees C and 15 



minutes, after drying with a dryer and canying out reduced pressure drying at 
6mmHg{s) and 120 degrees C with a vacuum dryer further for 2 hours, it 
compressed so that an active material consistency served as 1.5 g/cm3 by the 
biaxial roll press, and the negative ejectrode was obtained. In this way, the 
obtained electrode was dipped in a circle with a diameter of 15mm. The metal 
lithium with a diameter of 16mm was used as a positive eiectrode. 
[0024j The separator which consists of porosity film made from circuiar 
polypropylene with a diameter [ of 18mm ] and a thickness of 25 micrometers 
was made to inten/ene, it has arranged so that an active materiai may counter 
the lithium metai of a counter electrode, and a positive electrode may contact 
superposition and a sheathing container base, and further, the expanded metal 
has been arranged on a negative electrode and It contained in the coin mold 
sheathing container (0.25mm in the diameter of 20mm, height of 1.8mm, 
stainless steel thickness) of the product made from stainless steel which 
installed packing made from polypropylene. 

10025] The electrolytic solution was poured in so that air might not remain into a 
container, packing made from pofypropylene was made to mind, and the cap of 
stainless steel with a thickness of 0.2mm was put on the sheathing container, it 
fixed to it, the cell can was closed, and the coin mold ceil with a diameter [ of 
20mm ] and a thickness of about 2mm was manufactured. The electrolytic 



solution used for propylene carbonate / ethylene caffeonate / diethyl carbonate / 
dimethyl carbonate / methylethyl carbonate «20/20/20/20/20 (20-degree C 
volume ratio) the solution which dissolved by the concentration whose UPF6 is 
one mo!/l. 
[0026] The amount used as the degree of poiymerlzation shown in examples 1 
and 2, the example 1 of a comparison, and two table 1, the 
carboxymethylcellulose sodium 3 section which has whenever [ etherificatlon ], 
and the amount of solid content 3 section of a styrene butadiene copolymer 
mt^er latex (35% of styrene contents, 40% of solid content concentration) was 
mixed, and the binder constituent was obtained, the natural-graphite (degree of 
graphitization 0.99) 94 section was added to this, the water 110 section was 
added further, it fully mixed, and the slurry for cell electrodes was obtained. The 
negative electrode was manufactured using the obtained slurry, the cell was 
manufactured further, and discharge capacity and a charge-and-discharge rate 
property were evaluated. A result is shown in Table 1. 
f00273 
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10028] 

lEffect of the invention] if the negative electrode created from the slurry of this 
invention containing the ceilufose ether compound and rubber particle which 
have iow polymerization degree, water, and the high carbonaceous ingredient of 
a degree of graphitization is used, capacity will be high and the rechargeable 
lithium-ion battery whose charge rate improved will be obtained. 
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